The crystalline basement of New Zealand shows a chi-shaped combination of the straight Alpine Fault and a curved late Paleozoic continental margin, so that the plutonic basement of northern Fiordland converges toward the plane of the Alpine Fault. On the ground along Milford Sound the petrography suggests (1) a gradual change from amphibolite and granulite fades in the west to igneous fabrics decreasingly overprinted by epidote amphibolite facies towards east, and (2) a continuum of deformational styles from early solid flow and constructive metamorphism at depth to late outright rupture near the surface. Of structures close to the surface, the postulated Pembroke Fault, 3 km east of the Alpine Fault, marks the main increase of relief and also marks the eastern limit of a zone of intense lamination. The Anita Ultramafites continue between the Alpine and Pembroke Faults to at least 5 km north of Milford Sound. Further east, a several kilometres wide section of the Milford profile converges northward to the Kaipo Fault, which sharply juxtaposes western amphibolite facies and eastern gabbroic rocks, so that on this suture most of the metamorphic transition is missing. The Milford Gneiss fabric, where undisturbed, is >70 Ma old, based on hornblende K-Ar dates. Since that fabric merges well with the northward cut-off by the Alpine and Pembroke Faults, an Alpine Fault megashear may have been active already in the Late Cretaceous. Two genetically well-defined lithologic units are the Milford Gneiss with its relicts of isochemical Pembroke Granulite, and the Darran Leucogabbro with its western hornblende diorite facies. The two magmas are chemically similar and share their oxygen and strontium isotope signatures, and possibly Paleozoic protoliths. A Cretaceous final emplacement of these magmas was followed by continental extension and rifting, with formation of garnet zone joints in granulite at depth, and initial deep-seated displacement in the Alpine Fault Zone that continues with its associated surface expressions (faults) until the present.
INTRODUCTION
Since the work of Clark & Wellman (1959) , Wood (1962 Wood ( , 1972 , and Wellman & Wilson (1964) much progress has been made in defining the geology and structure of northern Fiordland, and some of this is in the form of still unpublished geological maps. This paper is a summary of the new information from a tectonic and petrological point of view.
The tectonics of the South Island basement is dominated by the Alpine Fault as well as the now mirror S-shaped margin of" an earlier "western" continent against marginal basins of late Paleozoic and Mesozoic sedimentation (Fyfe's Line, Median Tectonic Line -Fleming 1970; Coombs et al. 1976) (Fig. 1 inset) . Together with the Alpine Fault, the "recurved arc" (MacPherson 1946 ) forms a pronounced chi (%) structure, or "chiasma" (Fleming 1970) . To a first approximation, this is explained as a consequence of the regional dextral distortion caused by the Alpine Fault megashear that finally resulted in the more shallow rupture of the Alpine Fault (i.e., the straight arm of the chi-shape). The doubly curved arm has to be the older marker (i.e., the continental margin itself or a parallel zone, such as the Dun Mountain/Red Mountain ultramafite). This dynamic interpretation implies two wedges of transcurrent convergence, each subject to the internal rotation of markers. In the north, one is the sector between the Alpine Fault and the continental margin in the west, whereas in Fiordland the other is the sector between the southern extension of the Alpine Fault and the Benioff zone of Smith (1971) and Smith & Davey (1984) , and the continental margin in the east. As the whole of Fiordland narrows northward into the Milford transect, one would expect rock types and units to match some of those reported further south. The Cretaceous crystallisation ages given by Mattinson et al. (1986) for the "Western Fiordland Orthogneiss" raise the question of how much of a Paleozoic continent could in fact be left in the area, and whether it includes a granulite protolith. Figure 1 shows the main tectonic elements discussed in this paper.
There remains some question as to the extent in time of the transcurrent movement related to the Alpine Fault. Current plate tectonic reconstructions tend to demand a late beginning of transcurrent movement, in mid-Cenozoic time (e.g., Norris et al. 1990) , and recently the interpretation of the chi-pattern by a single extended stage of deformation has been challenged. Kamp (1987) postulated two separate episodes of orocline formation, a Triassic one in the south and a Cenozoic one in the north. Interpretations could depend substantially on how well the southern section of the mirror-S matches the overall pattern, how old its mineral fabrics are, and how smoothly its lineaments and s-planes approach the Alpine Fault. 
MILFORD SOUND BASEMENT: NEAR-SURFACE STRUCTURES
The crystalline basement of the Milford area extends from the Alpine Fault to the deformed continental margin in the Hollyford Valley, and from high-grade metamorphic sediments and volcanics in the west to granulite, layered gneisses, and the decreasingly metamorphic Darran Complex in the east (Wood 1972; Blattner 1978) . Toward the southeast the Darran Complex has an intricate syntectic relationship with the Mackay Intrusives, which themselves have intruded terrestrial members of the Alabaster Group (Largs Terrane, Williams 1975) or are faulted against other parts of the Alabaster Group. These relationships are the subject of current work (Bishop et al. 1990; Blattner & Williams 1991; Graham & Blattner in prep . "Rb-Sr ages of Mackay Intrusives and Darran Complex"). For further detailed illustration see also Blattner & Coates (1989) .
Faults
An overview of fault lines is given in Fig. 1 . The faults to the east of the Fiordland basement are from Bishop et al. (1990) . The Glade-Darran Fault, with numerous subparallel lineaments, forms the eastern border of the Fiordland basement in the Hollyford Valley, but then cuts southwestward well into the Mackay Instrusives (Williams 1975; Williams & Harper 1978) , losing its role as a boundary fault. Pseudotachylites occur within the Harrison and Milford Gneiss units, in float. Low-angle, east-dipping decompression faults have been mapped in the main Darran Range ( Fig. 1 and Bishop et al. 1990) .
Two lineaments are new or have received little attention in the literature. A probable fault, for which the name Pembroke Fault or Lineament is proposed here, was first postulated by Wood (1962 Wood ( ,1972 and runs parallel to the Alpine Fault, 3-4 km further inland. Near Milford Sound the Alpine Fault has little vertical expression (Clark & Wellman 1959; Wellman 1984; Hull & Berryman 1986) and the Pembroke Fault would mark a similar increase of relief, as shown well on the imperial topographic sheets NZMS1, SI 12 and 113. South of Milford Sound, a possible continuation or branch of the fault occurs in the Transit valley, but is not associated with a relief difference. This fault trace is well expressed where it effectively splits the unnamed peak 1567 m into two ( Fig. 2A ; Pt 5140' on sheet S112). On the side of the Transit valley, the fault consists of up to three parallel traces in the form of shallow gullies or trenches about 5 m wide at their bottom. It lies entirely within medium-coarse grained gneisses (Fig. 2B) . Immediately towards north, the fault trace drops into a more substantial gorge with a large slip on the western side, before it disappears under the Transit valley floor. The gneisses are structurally similar to the Milford Gneiss, and indicated as such on Fig. 1 , although apart from amphibolite lenses, they tend to be more leucocratic. Abundant cataclasites and mylonites occur along the fault traces. The foliation s-planes strike, on average, parallel to the fault traces, ranging from N20°E to N45°E, dipping about 70°W. North of Milford Sound a similar trace appears on air photographs, high on the western side of Mt Pembroke, but east of the main expression of the Pembroke Fault. It is clear that the Pembroke Fault and its possible branches require further study.
On the western side of the upper Kaipo valley, the Kaipo Fault is visible as a prominent band of altered rock, that zigzags steeply across eastward-draining ravines (Fig. 3) (cf. Blattner 1981) . The Kaipo Fault differs from other faults in the area by its expression as a c. 20 m wide zone of shearing that contains a several metre wide, medium-grained zone of deepgreen chloritic phyllonite. The fault is 65° east dipping, and the altered wall rock in the west is the amphibolite facies layered ("banded") Harrison Gneiss, which is foliated and laminated subparallel to the fault, and grades rapidly into the Milford Gneiss westward. In the east it is the Darran Leucogabbro, in which deformation is far less homogeneous. Mylonites occur locally on both sides of the phyllonite. The dense phyllonite consists of tectonoclastic acidic plagioclase (70%) and chlorite (c. 20%), with some muscovite and quartz, and centimetresize veins of calcite-a mineral not originally present in the gneisses and igneous rocks of the area. However, the oxygen isotope composition of the calcite is 6.8%o 5 18 OSMOW. and is likely to be a rock-controlled rather than fluid-controlled value. Towards Milford Sound, the Kaipo Fault disappears gradually, opening up a spectrum of transitional rock types from flow-folded amphibolite facies gneisses (sometimes overprinted by cataclasis) in the west, to comparatively shallow igneous rocks, altered only by a static overprint of lower amphibolite facies and localised cataclasis, in the east On the shores of Milford Sound, not only is there no fault defining the western boundary of the Darran Complex s.s., but that boundary is not sharply definable, either lithologically or structurally, or by metamorphic facies (see also under petrography, below). In the north, the Kaipo Fault is seen to "swallow up" a substantial part of this transition. It juxtaposes the originally more deeply buried western high-grade metamorphic gneisses and die eastern low-grade metamorphic Darran Complex, so that in view of the relative levels, the eastward dip of the exposed fault might suggest reverse movement at least for a period of time. However, the most significant feature connected with the fault is the regional lateral thinning and final northeastward disappearance of the entire Milford and Harrison Gneiss units.
Northern end of Kaipo Fault and Anita Ultramafites
The northern end of the Kaipo Fault against the Pembroke Fault is poorly exposed. The pattern shown on Fig. 1 is conjectured, on the grounds that the Kaipo Fault is characteristically related to the fault boundary between gneiss and Darran Complex, and that the Darran Complex is absent from the northwest shore of Lake McKerrow (i.e., north of the intersection with the Pembroke Fault). Samples collected by A. G. Hull (pers. comm.) confirm this observation of Wood (1962) . In addition, abundant, generally steep dipping foliations to the northwest of the Pembroke Fault parallel the Alpine and Pembroke Faults almost exactly, as do the fold axes and lineations (Wood 1962 (Wood , 1972 . The Anita Ultramafites also lie between these two faults. North of Milford Sound, their continuation was found in a clearing of 100 m diameter, surrounded by low beech forest at 820 m a. and dunites of Anita Bay, with which it shares the strong cataclastic schistosity. Few other quite so pronounced vegetation-free spots can be picked on air photographs, and this may be one of the larger ultramafic lenses remaining after intense tectonic lamination. The position of this outcrop confirms a northeastern continuation of the Anita Ultramafites parallel to the two major faults, which was conjectured by Wood (1962) , although not followed up by Wood (1972) . This new occurrence suggests that the ultramafic boulders of the Kaipo slip, reported by Wellman & Wilson (1964) , may be derived from this lens or similar lenses nearer the slip, thereby substantially reducing the resulting minimum estimate of an offset distance of 13 km for the Alpine Fault (Fig. 1) .
Because of the parallel strikes of the Anita Ultramafites and both the Alpine and Pembroke Faults, as well as the largely parallel foliation between the faults, the Pembroke Fault appears to be an additional, parallel expression of the Alpine Fault megashear, near the eastern margin of a 4 km wide zone of relatively ductile flow. It would be a late, brittle expression of stresses similar to those that aligned increasingly cataclastic foliation planes regionally in the same direction. A dextral lateral movement on the Pembroke Fault of some 2-3 km, and a larger combined offset for both the Alpine and Pembroke Faults (or the entire shear zone between them) is suggested by the "elbow" of Milford Sound that hinges at Dale Point, just east of the Pembroke Fault's interpolated intersection with the Sound. A continuation of the Kaipo Fault and of the thinned-out Milford and Harrison Gneisses along it, could be expected on the other side of the Alpine Fault, in Nelson.
MILFORD SOUND BASEMENT: PETROGRAPHY AND MESOSCOPIC STRUCTURE
Along Milford Sound the regional lithologic units of Wood (1962 Wood ( ,1972 are still basically valid but have been given more detail, from the ultramafites eastward, in current mapping (Fig. 1, also Bishop et al. 1990; Blattner 1978 Blattner ,1981 ). Wood's (1972) Thurso Gneiss (or Thurso Formation) is a mixture of meta-igneous and metasedimentary (including marble) components with much cataclastic overprinting. It is not sharply bounded against the Milford Gneiss, although the boundary may be loosely associated with the Pembroke Fault. The description by Wood (1972) suggests that the Thurso Gneiss and the minor St Anne Gneiss (St Anne Formation) just west of it, both of amphibolite facies, with cataclastic overprints, cannot be clearly separated on the basis of lithological content. Bradshaw (1985 Bradshaw ( , 1989 also noted this problem and pointed out possible correlations further south. Indeed, one could hardly expect a clean lithological separation of rock units after intense flow deformation accompanied by metamorphic recrystallisation.
The Milford Gneiss ("Milford Formation" of Wood) is a more uniformly meta-igneous unit, also in amphibolite facies. Based on 17 thin sections along and north of Milford Sound, its composition is as follows: plagioclase (An O 5_ 3 5) 50%, green hornblende 35%, epidote 5%, quartz 5%, also variable biotite, white mica (including muscovite), and garnet. Often the hornblende shows a sieve structure with numerous rounded quartz inclusions that indicate its derivation from pyroxene. Continued investigation shows the Milford Gneiss and Pembroke Granulite to occupy the greater part of a structural culmination or antiform-well defined by the foliation and massive layering (e.g., Fig. 2A ) of the gneissand already foreshadowed by Wood (1962) . This Milford structural culmination closes towards southwest in a large, 15 km wide sweep, as indicated in Fig. 1 . Structures within the culmination can be complex, and the tight Harrison synform, suggested by intrafolial flow and drag folds along the shorelines, crosses Milford Sound such as to approximately intervene between Milford Gneiss and the Darran Complex s.s. Along Milford Sound, the metamorphic foliations have been analysed previously and average at N20°E with a dip of c. 85°W, with little recognisable variation with distance. The dominant fold axes and foliations of the whole culmination are assigned to stage "«" of Blattner (1978) . Bradshaw (1990) correlated this with his "D2" and Gibson (1990) with his "D3" stage. As will be seen below, stage n is likely to be a Late Cretaceous event. Subsequent, more shallow, postcrystalline laminations have transposed stage n structural elements, especially between the Alpine and Pembroke Faults, as well as immediately west of the Kaipo Fault.
Near the deepest exposed part of the culmination, the Milford Gneiss contains residual domains of coarsely gneissoid hornblende two-pyroxene granulite (Pembroke Granulite; Blattner 1976 Blattner ,1978 , which extend over hundreds of metres, interrupted only by ductile shear zones, now consisting of pyroxene-free amphibolite fades gneiss. These granulites occur in a large area to the southeast of Mt Pembroke, whereas the areas of the Transit valley and Llawrenny Peaks appear to be entirely stage n gneissose. Within all granulites of this area, planar garnet zones of a few centimetres width are patterned on randomly oriented joints, exhibit strong reaction textures, and are likely to represent a stage of decompression and volatile loss. Evidence for a loss rather than a gain of volatiles is provided by the conservative chlorine balance found by Blattner & Black (1980) and Blattner (1981) . In view of recent suggestions by Bradshaw (1989) , it is well to restate some of the original findings on these granulites. The garnet zones often exist independently of pegmatoid veins, but equally often contain a thin vein in their centre or seem associated with veins at a distance. As a result, it was suggested that initially thin, wedge-like veins (i.e., feldspathic melts) had formed in response to the release of volatiles along the joint planes by garnet-forming reactions (Blattner & Black 1980, fig. 5; Blattner 1976, fig. 3 ). The presence of minor scapolite (Blattner 1976 ) and of minute inclusions of carbonic fluid (Bradshaw 1989) in pegmatoid veins constitutes at best only weak evidence for CO2 influx from depth. Volatiles not easily taken up by the melts, such as CO2, could well have been concentrated residually, as well as possibly migrating in small concentrations from deeper sources. In view of the structural pattern of the garnet zones, clearly indicating removal of the H 2 O-dominated bulk of volatiles from the granulite, CO2 can hardly be considered an active cause of garnet zone formation, regardless of its carbon isotopic composition, which is not time constrained.
The Pembroke Granulite, near the centre of the antiform, is everywhere older than stage n deformation and is often, together with its garnet zones, deformed by it. Within several kilometres of the granulite domains, the Milford Gneiss is chemically (major and trace elements) and with regard to both oxygen and strontium isotopes, indistinguishable from Pembroke Granulite. A selection of analyses is given in Table  1 . As indicated, much of the hornblende of the Milford Gneiss may be derived from pyroxenes, and no intrusive activity is required to explain the relation of the two rock types. South of about the Llawrenny Peaks, the gneisses seem to become more feldspathic, or less amphibolitic. Whereas the Pembroke Granulite lies near the core of the Milford antiform, the northernmost granulites of Bradshaw (1985 Bradshaw ( , 1990 , Western Fiordland Orthogneiss) occur just off the southern margin of Fig. 1 and apparently in a very shallow part of the culmination. In complete contrast to Milford Sound, they also contain much K-feldspar; they are still prekinematic with regard to stage n, or D2 (Bradshaw 1990) .
The Harrison synform is lithologically only poorly defined, but its contents differ from those of both adjacent units in that they consist of banded dioritic gneisses, commonly epidote and muscovite bearing, with many leucocratic, plagioclase-rich, layers (Fig. 4) . Some of these are clearly subconcordant leucocratic dikes, whereas much of the smaller scale layering seems to originate from mineral segregation in ductile shear zones. Compared with Milford Major and trace element compositions determined using standard methods on a Siemens SRS-1 X-ray spectrometer at the Victoria University Analytical Facility (analytical precision = ± 1% (2a), for major elements Gneiss or Darran Complex, the rocks here are more varied. They have been summarised as the Harrison Gneiss, largely as a measure of expediency. The Harrison Gneiss contains much of the metamorphic transition between outer and innermost Milford Sound, and is one of the units which thin out substantially towards the Kaipo Fault. It may in part correspond to the "Indecision Creek Complex" and "Mount Anau Complex" of Bradshaw (1985 Bradshaw ( ,1990 . The Darran Complex ("Darran Basic Complex" of Blattner 1978) appears in its essentially unmetamorphic igneous facies in the Darran Mountains east of Milford Sound. This Darran Complex s.s. is dominated by biotite-bearing leucogabbro ("Darran Leucogabbro"), or more fully "leucogabbronorite", and has subordinate anorthosite and peridotite (Blattner 1978; Bishop et al. 1990 ). It contains up to about 1 % of magnetite and is the main carrier of the strong magnetic anomaly of the Darran Mountains, mapped by Woodward & Hatherton (1975) . Alteration of the leucogabbro to pyroxenefree hornblende diorite is pervasive on the scale of outcrops, and is associated with loss of magnetite through oxidation, and loss of chlorine, but as yet with no detected change of cation proportions (Blattner 1978, 1981, and unpubl. results) . A similar transition takes place on a regional scale towards Milford, where a regional western Darran Hornblende Diorite facies is developed. This still contains easily recognisable remnants of biotite two-pyroxene leucogabbro, to at least 2 km northwest of Milford village. Lenses and layers of hornblende diorite and relicts of zoned, coarse plagioclase with albiteCarlsbad complex twins continue well into the Harrison Gneiss, to at least as far as the Harrison River valley.
The westward disappearance of the magnetic anomaly may be directly related to the metamorphic loss of magnetite and need not be evidence for a petrologic or tectonic boundary. Other metamorphic changes towards the west are the gradual appearance of epidote and muscovite, together with albitic plagioclase, first as static alteration products in igneous fabrics and then as equivalent partners in granoblastic fabrics. Garnet appears sporadically from the boundary shown in Fig. 1 westward. From the Alpine Fault eastward, both the cataclastic deformation and the earlier constructive recrystallisation of igneous fabrics are developed in a decreasingly penetrative fashion, with the exception of the areas of Pembroke Granulite that resisted deformation (cf. Blattner 1978, pp. 39^0, fig. 11 ). Koons (1978) and Bradshaw (1985 Bradshaw ( ,1990 have postulated a relatively sharp boundary between Harrison Gneiss ("Western Darran Complex" or "Mt Anau" and "Indecision Creek Complex", respectively) and the Darran Complex itself. In part this was based on northward extrapolation of the "Surprise Creek Fault" which forms a boundary about 6 km off the southern margin of Fig. 1 . Over the 25 km distance between this fault and the Kaipo Fault, the Darran Complex s.s. including its hornblende diorite facies, bulges several more kilometres westward to end only with a transitional ductile and metamorphic boundary.
Harrison-Darran boundary
This boundary between Darran Complex and Harrison Gneiss has recently been examined again over a distance of over 1 km in excellent if poorly accessible outcrop between Access Peak and Mount Ada, 8 km SSW of Milford village. Still within the Darran Complex s.s. begins a pattern in which the igneous rock, already largely hornblende diorite, but with recurrent residues of leucogabbro, is locally sheared into finer grained hornblende diorite facies similar to microdiorite dikes. West of Access Peak and moving into the "Harrison Gneiss" unit, this ductile but nonpenetrative style is well advanced, and the original Darran igneous fabric occurs only subordinate^, in the form of tectonic lenses and layers, giving the impression of deformed xenoliths in a new homogeneous magma (Fig. 5) . On the scale of 20 m, lenses of igneous rock with apparently new fabric and textures appear as well. More typical hornblende diorite recurs further west, and because of the increasing metamorphic recrystallisation, with epidote starting to become more abundant from about here westwards, it is difficult to identify particular domains of hornblende diorite or microdiorite as typical "Harrison" rocks, whose protoliths do not already exist in the the Darran Complex s.s. Immediately to the west, south of Lake Ada, a network of trondhjemitic dikes takes up some 40% of the space. In a synkinematic form, such dikes may account for much of the leucocratic layering in the Harrison Gneiss, and that whole unit might be hypothesised to be a continuation of the Darran Complex, with synkinematic dikes and related magma contamination. At any rate, while a tectonic boundary between two units may indeed exist here, it can only be the deep crustal primary expression of near-surface faulting now long obliterated by erosion. Close parallels between the textures of the granulite and the leucogabbro have been pointed out (Blattner 1978 ) and a direct transition from metamorphic to plutonic conditions in the genesis of Fiordland granulites had already been suggested by Wood (1972) . An extensive comparison of Milford and Darran samples has been made and typical chemical analyses, selected from over 20 for each group (Blattner in prep.) are shown in Table 1 . The biggest difference lies in the Darran samples generally being more evolved along the path of fractionation, but for given SiO2 levels, few differences remain (Na, Al, Mg, also in part Rb, Pb), and these can be ascribed to fractionation with different mineralogies at different depths. Alternatively, if separate magmatic and metamorphic stages are envisaged, Rb and Pb are obvious candidates for migration away from a granulite facies metamorphic centre.
Geochemistry of Milford
Extrapolating from values they obtained for Western Fiordland Orthogneiss further south and only two analyses of Darran Leucogabbro, McCulloch et al. (1987) implied that Fiordland granulites in general differ in their Sr and Nd isotope ratios from the Darran Complex. However, extensive analyses of Milford and Darran samples allow no distinction to be made on the basis of Sr isotopes (Graham & Blattner in prep.) . Furthermore the relatively large band width of initial Sr ratios, from 0.70359 to 0.70391 for Milford and little different for Darran, allows one to predict that the two Nd isotope analyses presented by McCulloch et al. (1987, fig. 9 ) are insufficient to demonstrate a difference in Nd ratios as well.
Oxygen isotopes of the Milford and Darran samples are identical within about 0.1%o (Blattner & Williams 1991) in spite of the fact that with 5.1%o8 18 O they are also between 0.5 and l%o lower than values for Hachijo-Jima and other West Pacific and/or calc-alkaline sequences ). This could well be due to a former higher latitude position documented directly for the Largs Terrane to the east of the Darran Complex by Blattner & Williams (1991) . Surface sediments and geothermal systems that bear a fresh-water oxygen isotopic imprint, must to some degree participate in the recycling of surface material to magma source areas, even if episodically and irregularly. The oxygen and strontium isotopic identity of the Milford and Darran samples is significant in that it traces both intrusives to the same type of magma source, if not actually the same magma. Relevant questions are then: (1) when have such 18 O-depleted source areas been available in the region; and (2) by what radiometric methods could the ages of large-scale differentiation and separation of a magma be traced? The regionally nearest more "normal" 8
18 O values found so far occur in Thurso Gneiss (veined biotite gneiss 10.2%o; marble layer 14.5%o, unpubl. data) and in the Mistake Diorite of the Mackay Intrusives with 6.0-7.5%o 8 18 O (Blattner & Williams 1991) . Also, the Devonian Riwaka leucogabbros of Nelson that closely resemble the Darran leucogabbros in other respects, have a remarkably elevated 8
18 O of 7-8%o .
THE TRANSCURRENT CONVERGENCE AND ITS TIMING
The Milford transect offers ample evidence that the Alpine Fault megashear does not simply truncate the Fiordland basement, but drags and merges it northward, thinning out the gneiss units in the process. The Thurso and St Anne Gneisses form a zone of now largely postcrystalline lamination between the Alpine and Pembroke Faults. Further east, the Milford and Harrison Gneisses preserve excellent stage n syncrystalline amphibolite facies fabrics. They include tight northeasttrending folds and are dramatically thinned out, again at least in part cataclastically, by sinistral dragging against the Kaipo Fault. Granulite fabrics are preserved in the Pembroke Granulite, and igneous plagioclase relicts begin to appear in the Harrison Gneiss, as first the cataclasis and then the constructive metamorphism becomes less homogeneous and more confined to individual brittle and ductile shear zones, respectively. Figure 6 gives a structural summary. In the most simple model of transcurrent deformation (cf. Fleming 1970), the suggested continuity of deformational styles is ascribed to an extended process of shearing accompanied by uplift, so that we could now see a deep to intermediate crustal flow pattern with successively more shallow expressions of strain superimposed, the most recent one being present-day surface faulting. The pattern of Alpine/Pembroke Fault (= main transcurrent fault), Harrison synform (= en echelon folds at low angle to fault) and Kaipo Fault (conjugate Riedel shear, subsequently rotated, or simply an incipient thrust, depending on the uplift regime at the time) shows much similarity to experimental patterns produced for shallow transcurrent regimes (Wilcox et al. 1973 ) and compared by Cooper et al. (1987) to structures in the Haast area. These near-surface to mid-crustal features may well belong to a single evolving stress pattern.
A chronology of events may be attempted with the limited radiometric dates available. Mattinson et al. (1986) have dated zircons of their Western Fiordland Orthogneiss by U-Pb methods as c. 130 Ma old, and interpreted this as an age of crystallisation from magma. Whereas the age of first segregation of the magma as a body could be greater (see also discussion in Bishop et al. 1990 ), the 130 Ma U-Pb age of the zircon does set a maximum age for the mineral structure and fabric of the Pembroke Granulite. Its recrystallisation in amphibolite facies, as Milford Gneiss, has to be more recent. Perhaps this can be traced by K-Ar dating. In the Milford transect, K-Ar ages (Adams & Blattner in prep. "K-Ar mineral ages along Milford Sound") are patterned similarly to those further north along the Alpine Fault, shown in Adams (1981, fig. 3 ), and micas of the St Anne Gneiss near the Alpine Fault yield about 7 Ma, indicating late Cenozoic uplift through a closure temperature near 300°C. The Ar retention temperature of hornblendes is considerably higher, perhaps near 550°C (e.g., review by Cliff 1985) depending on uplift rates as well as grain structure.
Because of their high closure temperature, hornblende KAr ages may actually date an amphibolite facies fabric (if it formed at temperatures below the Ar retention isotherm) or give minimum closure dates close to fabric age, especially if uplift was part of the structural evolution that gave the fabric its orientation. In the Milford Sound transect, except within about 3 km of the offshore extension of the Alpine Fault, all of 14 hornblende K-Ar ages of Adams & Blattner (in prep.) are >48 Ma. The oldest, a sample of Pembroke hornblende granulite collected for its lack of retrograde effects (no. Bl 2451), yields about 130 Ma. Hornblende dates of one other granulite and all of five Milford Gneisses are lower (115-74 Ma), but there seems to be no way in which the wellpreserved granoblastic fabric of the Milford Gneiss, and its foliation, could have been formed, or internally and homogeneously rotated, by recrystallisation less than about 70 Ma ago, after the late Cretaceous. For illustration, Fig. 7 shows the strong syncrystalline lamination of hornblende and plagioclase in a thin section of Milford Gneiss. In this typical section the individual minerals show virtually no postcrystalline disturbance. The foliation strikes N 45°E, and the sample is from 4 km northeast of Mount Pembroke, near the marked vertical s-plane in Fig. 1 . It is representative of large parallel slabs of gneiss, extending over hundreds of metres, with two typical hornblende K-Ar dates of 74 and 84 Ma, respectively. A model involving excess Ar is unlikely to produce the existing regular pattern of dates, and any postcrystalline shear network that could have rotated an older stage n foliation into this present orientation in some nonpenetrative way in the Cenozoic, would have had to be very subtle indeed. The fabric is thus either the deep crustal expression of a Cretaceous start of the Alpine megashear, or it seems to fit into the pattern of a newly formed mid-late Cenozoic Alpine Fault by some remarkable coincidence.
CONCLUSION
An overview of northern Fiordland shows a transcurrent convergence and substantial northward thinning within the southern wedge of the South Island chi pattern. The Kaipo Fault is in all likelihood a feature dynamically associated with the Alpine Fault. In the cataclastically laminated zones near the Alpine, Pembroke, and Kaipo Faults, the basement gneisses show original amphibolite facies assemblages, and the lamination may be younger than the closure ages of the minerals. However, further east, hornblende of the Milford and Harrison Gneiss is preserved within its undeformed over 70 Ma old amphibolite facies fabrics, and these fabrics reveal a deeper crustal flow pattern that fits the northward convergence well.
By the evidence of oxygen and strontium isotopes, magma sources of both the Pembroke Granulite and Darran Leucogabbro were closely related or identical, and possible Paleozoic origins have been pointed out by McCulloch et al. (1987) for their southern granulites. The granulite must have crystallised at c. 130 Ma, perhaps from magma. On structural and chemical evidence, the granulite jointing and garnet zones are a result of decompression and extension, that may be related to a period of continental extension and rifting on the Pacific margin of Gondwana (cf. Tulloch & Kimbrough 1989; Gibson 1990) . The retrogradation of the granulite to the amphibolitefacies Milford Gneiss followed before c. 70 Ma ago. The pronounced structural culmination of the Milford Gneiss is cut off smoothly and initially synkinematically by the Alpine Fault megashear, whereas the enclaves of Pembroke Granulite still show pre-existing structures.
